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(54)Title: GaN SINGLE CRYSTALLINE SUBSTRATE AND METHOD OF PRODUCING THE SAME 



(57) Abstract 

A method of producing a GaN single 
crystalline substrate, characterized by 
comprising forming a mask layer (8) having a 
plurality of opening windows (10) mutually 
spaced on a GaAs substrate (2), and growing an 
epitaxial layer (12) of GaN on the mask layer 
(8). 
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G a A s SIM 2 <h bT G a A s (111) ASIM£fflO JgtfiMftt- 
^6 l£«fc»)GaAs£$6 2©$&K£jft4 5 0°CH$5 3 0 °C{i#m{Sf#bfctf 

20 It, i2®^iA^- h 5 3 «t <9iMlb7KH (H C 1) £^U4 x 1 0" 4 a 
t m~ 4 x 1 0" 3 at mTr Ga^/l/CV-7 ^t— h 6 3 CiAtSo Z-(D%k 
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GaAsi|2iC, Ga£^tr0UKHJp<?-;i/#'j*A (TMG) f©fl 
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W±#M -y77l4 SffMlT SMffli&S&T'& So A* 777|4 £M Lfcf^ 
20 S^^y77l4±{:GaNfrf.«:5il0xt^dFi/t;H (TJfxt:*^> 

(DBi&fimtmmts hvpe& w^JSJ^tisiTOiyiu mocvd^ 
Am^hwm^s m2i<zmtmm%®imt2>zttfx*zz>o zlx, g a a s 
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0fiS^Jg£#j2 0//m/hr~D2 0 0 #m/h r Ct* 3d i:#T?S5 0 &4b\ 
5 f$jygJt&, GaClM, -Tfcfc)*), HClMMt^S#t«^<, H 
C l#Ett, 5xl0- 4 atm~5xl0- 2 at m©fBH£^ t) ft £o 
GaAsAft2ilbTGaAs (111) B*K£ffl^S®£fcJ\ &*n«fth- 
* 6 1 1 i t) G a A s mm 2 ©Mfi£#J 8 5 0 °C~$J 9 5 0 "Ct^SfS^^-frfc 

io £m&mmk®%ffii&&mz i^i©i^^^>t;n6^i^tsi^ 

UT> GaAsSI2atGaAs (111) ASSSffl^SS^ 

3ft fc-* 8 1 £«fc5GaAs£*6 20MK£fa9 2 0°CHfl 1 0 3 0°CtC#M&« 

15 ^S^;bji6©J&MJg£$<J 1 Oyam/hr-^6 O/zm/hrttSCfctf-C 
ft&N #£a&*±tf£fc&£fcJ\ TMG©M*-hlf§^hT"GaCl 

© # i£ * ± if n « «fc v * # x sa^ © um t* © t m g © ^ ^ ^ ^ jbe w ± © # j± t 

-13s GaAsS«2i:UGaAs (111) BStR4ffll^®^tt, ffitft 
Mfct-# 8 1 £<fc 0 GaAs&R2CDMS*3K8 5 0°CH$9 5 0°C 

^ffettMl©iW^>t;H6^l^t5o :©h^ licit 

25 **^;H6©fi£gMJg£$J 1 0/zm/hr^5 O/zm/hrCtSCi:^ 
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(Dimfrib, 5x 1 0- 3 atmMh^§ o 

tfW#S£^f £ G a A s Ste 2 fcl&£ttt*SI&® ^G a Aslfe2 OM^fcJu 
GaAs ( 1 1 1) AMm*m^m&l±®7 5 0°C~^9 0 0°C^ G a A s 
5 (11 l)BIKffll^«f)7 3 0°C~^8 2 0 °C fT5 - tifiUZ LUo 

i^ts miBiz7rstm2(D3:m*mmTz>o BiB^Tfg2©x*i-e&, 

fctS i0 2 )!)^i§v^^I8MMtl)o ^X^|8!±, jp£#Jl 0 Onm~ 
10 $5 0 0 nmffiS iNMXIiS i 0 2 J!g£7°5X C VD^fc: £ »]MU 

S i NilX&S i0 2 H*7th U V^7^&ffT-^->^>^-f SCIht 

15 0* h ^<7°^ 1 0#Bfi£3ilT^5o X h 7^7gl Ofciu GaNfr£&5^ 

ia>xt*:^-wujf6©<io-i o^iqitE^-rsi^^M^nTv^So 

20 T\ V77J18 £%l<Dx.\Z9**/->r)im6<DZ Y^J 7B1 OfrSStfJUT^ 

2®figg73^^bT(±, Sl©if^^i>^;i/ji6©bJcS^^h[5j«{3 N 
HVPE& MOCVDSm§o ft, fg2®x 

V9*i'l>)imi 2 0JP2&, mi 5 Ojum~mi 0 0 O^mCtSlh^S 
25 LV^o 

3dT\ H5 A~gI5D£ffl^T\ i2®xK^^>t;Hl 20fifeSig^ 
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10 otl&SU Jp&#i£ bTU<o %2(D3:V?*i/*)im 1 2 fcts 7 

15 icDxt:^^rv^;bji6(D< i o - i 0>^iRitMS-rs«fc-5t3B(S$n"rv^5 

Xh7^7Sl OOfi*|Rlt^lOxt^4f^i';H6 0< 1-2 1 0> 
£ ft 5 o ?IT, H&ttk, GaNxt^^rytMIt <1- 

2 1 o>^ipj-s^s-r^5is^m^c^ 8§2©xe**$/-wwi 1 20^7 

20 H^^Sili^nSo ZCDtz®, %2(Dx.\£9*i/*J)/JB 1 2 0f&ljffi6#JS<££o 
(Sis ^h7^7"S10lt ifcfbii l(Dxt°^^> J r;t/Ji6©< 10-10 
>7afrt;:$i;££tf ^ f^R«\ ^>^;i/Jf 6£>< 1 - 2 1 0 > 

1in\z&t%&o\zfcWLLXb^o 

mz, m2(D^¥tr*i^r)imi 2<D&ms&£.'o^xMwtZo msAizm 

25 &ftT^3«fc"5^ |2©xt^^ytJH 1 2©[^gP(I(is &»0ls{fc 1 4 # 
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20 8F£U^o 

i2®iK^^>t;Hl 2©^^7;i/^fi©a^^gMt-§Mf6]tfe 
25 &oTSjgt$^Tt-3$fa£fc£o £<o(^ * b ^ 7°iQ 0 £> il 
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5 ^^fe^CWlCl^Lm Mtt^ GaAs (111) AS& 
£m^«1§rtt^5 5 0 o C~^ 0 0°Cf;is GaAs (111)B1»^ 
5 5 0 °C~|<J 7 0 0°Ci:GaAsi!2 LfcttfiTN D 

T^^tbTTK^s W^hbtF^^7JK-^A (TMA) £T>^ 
-T ( N H 3 ) IIAtSo •?■ LTs CCt^ftjilti^ GaAsS*M2± 
10 {3, Jf£ifa l 0 0yf>^ hn-A~#jl 0 0 0*>?X hD-A©A INipf) 

[i!2fl»*i] 

15 6D<DmmT.mm*muxm,wtZo 

£?\ H6AH^-r^lOXS.ti5^T^ GaAsg*6 2±£, fig? Si NX 
fc*S i0 2 ^f,^ST^^«8*^-TSo v*?J18tts J¥£*n 0 0nm~ 
®5 0 0 nm(DS iNIlXteS i0 2 ^77XYCVDf Ci^JU 

20 .tD^fiS^nso 

&1 0ilGaAsSft2(D< 1 1 - 2 >^lSUC®Sf a «t 3 tJfM^tlTl^ So 
25 ^fes E17©^Eptt s GaAs*tM2©^,§|^u£^LT^3o 

vX£Jf8£Jfcfi£bfc^ IH6Bt^-r^2©xg(i3i^s 7h7^7^10 
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mmmtmrn^ hvpe&. Gm&mm<kVa§m&m&, mocvd^^ 

5 0 6 C (3^1-^3 OXgtiJ^T. A"^77l24±CGaN/!)^ft§ 

i^^ri/t;n2 6§^t5„ ^vfr*i"r)iM2 6 minmmt 

mmt, HVPE& «#S^btimffl^^ MOCVD^tXJ;^ J? 
5 O^mHfol 0 0 0//mJt^t§;^«lK z<DM 

±i£©£at N * h7^7'Il 0tt, GaAsS&2©< 1 l-2> 
^lRjC5EST5«fc-5(w^$nv^5fc«>x Xh^^7°mi 0©i|>|73[p]^GaA s 
&&L2<D< 1 - 1 0>%fa£m%&-$lT&a ZLZ, -f&mz, GaNxh'^ 
15 *$/*;i/Jf{± N GaAsSfi2«D<l-10>^|Rl'\|jEft5aS#a^fe^ 

6©^jifi*«a<*5o 
^ 7 h^jrmi MU^GaAsSS20< 1 1 - 2 [SjCMS 

20 3tf3i&gfcJ:&< N 0y*fc& GaAsSI2©<l-10>J^l(;iSf5J;^ 

xe*3^>*;i/Jf 2 6&fi£^$-&feft, gI6Dt^-r^4©x@{3M^ Ga 
A s Si 2 §|i It G a Nf ^ 0 H B SI 2 7#^T3o ft, Ga 

AsSfi2 0»S^i:Ui±s MfL&z: a 7>t-7|,i^ 

25 > 7* S S ffl T G a A s S 1 2 t : U 1 i i 7 x Fx , yf> y r %tfci~Z i: t «t D N 
^GaAs«fe2^iit53t^^5 0 &£\ izk£fflV>t\ GaAsS 
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->t;HS 1 0fi£^^5^^T'lg^RI*S'i>^ < WA©/J^5;GaNSI 
10 [^3«M] 

15 fct, iSn a n If ©G a NSIS £1^1" j&SLfcG aNx£**S/-wi/Jl 

20 lM^M6^[pJ^^|J-r§^^^T-§^^\ GaAsM£P££L&^^3:fctt 

^CGaAsSft^iSL fe^il & G aNIt!:^^ D tflB^-T S Ihfr^ 

Jl©ftg|^fct ^©MSPg^^^S-rS^CD-efeO, MLfeGaNx 
25 h'^^v^;^jg4'(7)g©rto^^7 l J(i^ 0. 2xl0 9 ~2. 0x1 
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ZtcMzm^fzX h--- (Stoney) (D&zmWt So ««±{c»JKtf^ 
^^flfc^xACiJ^, F^gte^o-li, TIB»S (1): 

°" 3(1 -v)I 2 d 

!:J;oTM^5o GaN«0^tl d = b^LT, TIB«S ( 2 ) : 

= __£^_ 
a= 3(l-v)/ 2 

C« (2) * N iB^fcti&U (l) fcl^i:*)0*^-roD 
t*So (2) fc&^T, ±j^CDJ;-5*iK^^^ + 

10 ;WlMtt3ll©MJS^ffi£|imLfeo 

0 8At^-r^i©xg"T?{± x ninffijmtm®<Dfim^ GaAssi2 
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ii:GaNi?^d;I.A''y77l4^J;(;GaNi?^d:5^ 1 ©xc h 0 ^ ^JlM 
(Tl^t^^^Ji) 6£j&g£-£3o 0 8 B fc^f^ 2 OlgT? 

fcfc N ilfflxK^^;H6itS iNXliS i0 2 ipf,*S7^^128S 

5 

iot:> *^ltemii-tft±s ?X^|28t, iE^0)||P^3 0A«ttftBfi6*n 
T^So •€ LTs #HP^ 10§ilOx^^i/t;H6CD<10-10>5 
iRllcKy^LTE^JU < 1 0- 1 0>&3¥3 2#J&fiB£ftTMSo ^LT. d 
10 cd< 1 0 - 1 0>&f£3 2tt> 3-IBP&1 O0*jM£g#B»j£--5< 10-10 
>K§|3 2©&gBP&l 0©tfiMgjz*fbT< 10-1 0>^i:l/2Lf 
L&#£>> i§ l<D*\Z9*i<*)l,m 6©< 1-210 >#|qJtiry?-d-ClgSc 

^ ;;-e^9#snS3 oot^ii:!*, &HP&30© 

15 K<>fL*6m h°^d£ 5,urrihL£:o 

«ts 1118 ciz-*tm3<DJim-?i±, mmMj$mtmffi(DjjfeT\ -?x?m 

d-T% HI 1 OAMi 1 0 B£ffll^Ts l2®xt^^t;H3 4®^I 

IEA^Iii*feH:iEA^it^©GaN*gS«i3 6tfim&TZo ^LT, 110BC 

Zt, ^©GaNSM3 6t±s ft©GaNfe B a t3 6 hC^tcM (ty h) 
fc&tt5£fc*<JR#So ZLX, #GaNfiIfi3 6 4 J ^^I2 8S«K 
25 g@ /!P*Ii^0i 2 © x h'^ + y t M 3 4#B$&*lSo 

IP*k < 1 0- 1 0 >^|qIt^P^3 0©(f't>4 1/2 Lt"^ Isftifibs < 



19 



- WO 99/23693 



PCT/JP98/04908 



10-1 o>@M3 2&< i - 2 1 o>^mmmm^bXi^tz^ iea^h 

5 v^^gp±^tfflS-rs^T-(± N GaNS H H 0 g3 6 07T7MS0KJ; 
GaAsiS2^x^f> Vmmm tc J: o T U © G a N J^H 

/zm©^ e&#l~5/m©RJ&C"r5 So #K 1 0 © 

J&RBu 7jB> R^fcPS?>ftS^ii&<, IfRSs £&BtT5 So 

15 iOl^ 0<Offli!i, 0. 7/zm 2 ~5 0//m 2 ic-TSC^^M^ 

b^o ^HPi3 O<D®fMci0|SfflJ;D&^< Lt€Z>t, Oft 
©xh^^y + ;H34T'W^U rt«£#ii;!jn-r SMftM So -7^ 
#HPi3 0©@a^-©l5H«fc'9*)^^< b"f £S£, ^WSOCMtf 
fflft^&D, £fc> xt^^yt;^3 4 (D^SMS * fgT bTbS9fbIfp]t3fe 

20 So Sfes #HP^3 0(DmMmit, ?7i/i2 8 0^TCPiP^3OS^^ 
*gB££frtffc:£iBifi§0 1 0~ 5 bMo &PJP=g3 Offlg 

®^*d©«5H(zbfe^ GaNI|i^ H E iSIM(7)^^^JtS^^^^^^b< 
fgM-fSC^^TtSo 

25 ^LMb'^f d©S^(t £ftfc|g££*l5fc0-Cfci:fc^o ^y^Ltt, 3~ 
1 0 vnKDmmiztZZttfm&L^o by^Lfr'l 0/um&*)b&?gZb, 
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'M<^otU% [sIliCDJIfifr^ tyfdtt, 0. 7 5L^d^ 1. 

5 3 L^&3iSH£T£-^Mi;U^o d = 0. 8 7L®£^ mt>< 1 

0-10 >£|qlfc|*&-f 3-^©BBn&3 0 fc N £©--ofiDMP£ 3 4 ©< 1 - 

2 1 0>^lRlt:#S-rSfctt^ iO-OOg|P^3 4 £T-©»^t£>MU- 

io ^Pfimss m eujES^j * g ^ t -r s ^ ^ % 0 

3^ < i o - i o>sgi3 2©#M3 o#Rg?-rs< 10-1 0>^il 

3 2©§fM3 0i:< 10-1 0 >#fa£t*nT^38§8lfciu ^"fUfelEffllC 
l/2LT&Sifcgi±£<s 2/5L-3/5LgS-CfetlK. ftgte^fSM 

15 ft s ^^I2 8©S^^ ifoO. 05^m^0. 5 ^mOfEBt-r 5 - i: 

g a a s &m&m& % s w- § 3(p e> t- $> 5 □ 

20 [^4H»fJ] 

fti:, ^4H»^t^SGaN^ H iatMS^©MB^^x Ell 1A~ 

£?\ HI 1 At^-T^lOXigt^VNT, GaAs^2±{:li, SiN 
25 XttS i0 2 !ip^57^^13 8SMt5, VX^jf3 8 tt, jf£$J 1 0 0 
nm~^ 5 0 0 nmffiS i NJKXttS i 0 2 J1I£ 7-7 Xy C VDft «fc D MU 
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H12& N 01 1 A£^£l©Igfc;fctt3£:nn0¥iSi0T?&So HI 2 
£*£n-C^S«fc-5^ #flliff2t©v7 7Ji3 8<DBm±, i3M»v 
5 X?fg2 8tmm(DBV;~Z&2>o vX^13 8(:lt 1«©I!P£(4 O^fig* 
nT^So ^LT, ^Pl4 0^GaAslft2ffl<l 1-2 >#[pK3£y^ 
LTffi3*J£tU < 1 1 - 2 >»4 2fr*Blt£nT^So ^bT, iO<ll- 
2 >&P4 2fcJu &mn&4 0<D#>toGLW&m*)&?< 1 1 - 2>^P4 2©# 
0©^^fig(3^LT< 11-2 >#|rHc 1/2 L1"*i&#5k G a A 
10 s»2©< 1 - 1 0 >£ft£ey^d^&&&IS£ft"t^3o 

7 7J13 8^3»I©7^^I2 8 £g&S©yu COivS^P^O 

V7 7J13 8eMbf;i, Hll lBH^f^2©X^T% HPi4O|^0G 
aAs«2±£My 7rJi 2 4£ffM-f£o 
15 H 1 1 C(C/TN-r^3©xaT/^y7rjl2 4±CGaNi^^l.it 

77)13 8±lz^9-?)imATZ>£, S^OGaNOiit iCGaNgUS 
20 ^©P^cM (£yh) £&<H#£ 0 ^UT, §GaNg H »'Y 

77113 8£«V\ M#iI»©xf7^>-WW12 6M$ti5o 

fiP*u GaAs«I2C<l 1 -2>Jfil:§| f lP*4 0®#<&£ 1/2 L-f 
e>L&#«3.< 1 1-2>SS42$<1-1 0>^[p]tifi«iSL>TlASfeto, 

25 ftTO7W7^mc{gM£ftS 

fts §iP!4 0li, ^fl*GaAsSft2©<l l-2>^|p]i:lS^t 
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S&mi:&<x MpibZs GaAsSI2©< 1 - 1 0 >fifa\zm&tZ>£5lzB 

xK^4J/t;H2 6*^ffe^ illD{:^4oig{:I^ G 
a A sll 2 Sii UT*»IfflG a NM B H B Si3 9 

10 

[^5HJ6S«S] 

Ell 3 A~il 3E&ffl^T, £g 5 HflB^JH© G a N^S^SIRSV^CRJg 

* ?\ Ml 3 A lz-^tm 1 ffligts m 4 HWfi t ITOfc: G a A s StM 2 ± 
15 fc*?i;U<fcJ:J¥<*tt 1 0 0 nm~^ 5 0 0 nm©TX^jf3 8%Bf&tZ>o 

}k^s Ml 3Bt^2 0lST, HPS 4 Ofl0GaAs£tE2±£, *? 
^ b < tiiP^^J 5 0 0 nm~|<j 1 2 0 0 nm©^^7 7i2 4£ffM"f £o 

Ell 3 CC^tl3 0Igt\ A^7 7|2 4 SIT?**! 3 8±t 
GaNipf,fd:§l 1 Oxfc!* *i"Wl<Ji4 4 &E£§£-tJ-£o ^lCD^f^^v^ 
20 ;i/jf4 4cdJP£&, $^5 0/im~fi3 0 0 #m©HHflliT5CL £ 

*»Itin^T^ ^3HHff^^J;t>'^4«^h(5iaC &IBP&4 

fr3£i:&<!R#Ds -77713 8 .t-SftfllSfcftSo 
il3D^fi4©Igm ll0xf7^rytil/J|4 4Mbfc7x 
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3 0 0 vmnmmcDG a.Nm^mR%Bl%tZ>o 
il3El;^ti5©xgT?ii, il©xt^^>t;H4 4±l:, ±$gdh 

5I20it^^ri/tM4 6 £JP£^ 1 0 0//m~7ft7 0 0 /zm^fi^So 
5 «t JP^^J 1 5 0#m~#J 1 0 0 0 um(D G a N^igH^S 4 7 #JIM 

(:GaAsSi2§^tSfcft, GaAsSft2^ /t>y77f2 4Mxt 
10 ZL£#-?£3 0 ZQtctb, GaAsSI2§MT'iStf(:xh^^rytJH 

tiOtt, il®xt^dr^tJH4 4^ft^5il^ i^OW^K^ 
15 3fc#)Tfe3o £ l©i^+->tM4 4<DJS££$]5 0/imW±}:t 

3<Z)tt> H0xt^^ytJH44^it^§L «M^^Jt^<, a>K 

[$6&KfiS*S] 
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8©g<-T©ji^&3fg I©ih°^v^;i/Ji6©< 10-1 0>#|fi]£;g^;£ 

6®< 1 0- 1 0>73ft(3t'y^LTlB^J£nT> < 1 0 - 1 0>IMf5 
2#^fig£*lT^3o ?Lt, uO<10-10>SSM»5 2^ BSD ^"5 
< 1 0 - 1 0 >SMII5 2 h< 1 0 - 1 0 >J5\mz&Mmm5 0©f^iM£ 
H&1/2L1" £>U&#*>> il©it^^>tJH6©< 1-2 1 0>^[p](z 

*$"Wi/JB#< 10-1 0>^|qit"77 1 7;i/^b*;i^«*»i£<35:oTs 1*1$ 
JSS***<£»*ni3< <&Sd£UE^ ^4/zm~$j2 O^mOlgSKcl-^C^ 
^i^U^, £fc, SMfnk IP*>< 1 0- 1 0>73ft£|^^«^5 0 
m<D ^ 1 //m~^4/imfc1-?,CI^^^ LV^o dftii, <1 
0 - 1 0 >^[pj-N©GaNOfig^jiv^feto N yx^S^§5< L3f£5^ fg 

Il©x^+HiH60<l-2 1 0>SfSji;ilD^«M 
5 2KOV^^7|i (d-w) fcfc, i^^m-^lOAmCt^Ct^g^U^o 

frDs (d-w) #«fg3fc, 7T7MI©^i(Pl#^f, 

^1 Am~«i5//mt:rscii:A«SI$Li^o cftfcJu (iw4JA<Lt^§t # 
#fim^5 OOJ&ffcj&'HItfcfc'K ^2©xti^^^^;i/ji(7)figfiM 
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±£GaNfr£>fc5fg2CDx£*:^>*;i/Jf 1 2 *^»?Ji3 
?>iEA^M^OGaN^^i^fi-r§o ^bT, G a N^H^v^ £ Jf 

mh, Mi(D^¥#*i/v)im6(D< lo-io >^m^&Mm&5 o©^ 

>lM£B£ 1/2 L1rt>Lfttft>s < 1 0 - 1 0>fi;£S&P5 2Sil®x^ 
^vt;H6©< 1-2 1 0>#|pj£lt«fl£LT^3fcto, IEA£i£t£©Ga 

^3'^»Sli:f5]|i(3, ^2©^ti"^^v^;i/ji©T^^^4 80v^ 

§15M5 0©fi#^[q]^ I©x^^3p^^;uji6c7)< 10-1 
0>^[plh- -gi-f C#SSi§5 0«$nt^5fc«)s x-^J14 8 

GaN^IIMMfljgJtcD^ { 1 ~ 2 1 1} SfrWlTs <1-21 

AsSi2±CT^^i4 8 ZmmLXbs T^^7jf4 8±HBfig-T5^2CDx 
©ft^#|n]#\ ^^jf4 8©TJf©GaAsSIS2©< 11-2 >£|S]h-$E 
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[I7»i] 

HI 5 fc*£ftW3«fc-5fc, ^»FJTii, ^X^JB 5 80&BlP&#iE 
A-30#i2#s ^^Ji5 8©Tl©x^^^^t;H©< 10-10 >^fn]^ 

GaNoMc, mmm&om^ {1-211} w<i- 

C0IEA^Bcr)-jac7)g^b(i^5^m, ffimtZ>7\ft&6 0 ^O?^ ^ipgwTO 
3 / am(z-r?,ch#S^LV>o fats «Lti£>©{jItt, C£>iBHl::|&££ft5fcCD 
15 T'fi&^c Sfes m 1 5 *0fcWfcJ\ 8(DTm<Dz-¥#*i/V)im(D 

H £ fiWgJM L T , ^HiMfi © G a N # *gHS« § ^fig f 5 » 
20 *f£ffi^©GaN#£g^S*M^ ±f3^H»fi IrH$C, £Jp±CD:n 

t^^i'tMCTX^^CiiltS tt, G a N ? ^ 7 

^mMmmt&^te'o, ^t°^v^;i/ji£^£-ragGaAss«± 

25 &|qLt£-£3£ So d©^t±x IOAii4 2 £>Ao£>#j2fr\ Ga 

AsSS©< 1 1 - 2>^|6ii:-gc-rs«t-5t^1-So 
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5 mi 6 Atmtmi(Dz.miz£V5^z?m8<D]fm, ii6Bc^ti2© 

igl:^5My7 7l2 4©» El 6CC^tI3©i§t:i1t5x^^ 
*£"WW12 6©figgs Ell 6Dt^-rfB40XStj3H-5GaAsStR20|» 
£fcfc, ^2HJ6^JKOlRlttK:fftotl5fe«)s MM^T^o GaAsStg 

10 #j3 0 0 //mgj^ fcSMfciu W±t-S5lJ:tfULl\o 

111 6ECSti5CIgmEl 6D^7fs-TGaN^|g^^|l^ B B H hUTs 
it^'>^M2 6±£GaNfre>fc5xi;**S/-wi,J!6 2£jtt£-&Ts 
GaN^i©^>^yh6 4§Mno fts # *>*;Wf 6 2 OfiSS^ 

«5pb<(i> J!Mh1-£GaN*fr*9 2 i:S4E2 fctf^lSl LTSIl*nfeSl6*P 

JftfciRjl 0 0 0°C~«1 3 0 0°C£1££U UT'tf^iil/'C, ^ 

>^-7$fi 1 0 s c cm~$] 1 0 0 s c cmML&& 0 
mz s Ml 6 F (1^1-^6 ©xaTi±. GaN^i(iD^>J<yh64Sa» 
25 #©GaNJ|Mgil£«6 6£1-So ^ >3 -y h 6 4 SI WG a N^SIfi 
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h 6 4#1 c mJ; D *fSt ^5 fciiM^^feftf* 5. 
10 X|i^^feGaNTOH,Sffi±ta^^T-Y >ny h 6 44SfiJc-T5*)©-efe5 

$K ^ftiIOGaNTOSi6 6(t H-£>^& UT\ U 

15 TvlS/^nST- 1 x 1 0 16 cm- 3 - 1 x 1 0 2 0 cm- 3 cDtElffl^s S^Sjjgfr* 
60cm 2 ~8 0 0 cm 2 <7)tSllf*K tt&ViW 1 x 1 0" 4 Q cm~l x 1 0 13 c 
mcDf&Hfttc & £ «fc -5 £$IJ$J Rjt^T-fe Set 3&»^»K: <fc ^WMLfzo 

imsmmmmi 

20 &tz, 0i7A-ii7c»t, m9mmnmizm^Ga.N^m^mR 

mi 7AC^til©lgtit GaAs*i2ii:, v*£Jf 8 STJ^W 7 
7J12 4^ffM-r^o ?^^8*TO<y77l2 4©ffM^^tts ±I2£H 

25 121 7BC^t^2®IiT»(t GaNfr^^x^^>tJH6 8 
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>n> h 7 OcD^tt, m 1 c mJJl±lc t Z> d ttfl&Z 

IXIiMICiot, GaN|»03-y h 7 0 £1£ft#0GaNiiM& 
5 2l3f3o 

ft, *^»Ss©GaN^.|g H H B S«7 2*), fg 8 mfaBM<D G a N#|g a B B Slfi 
6 6 WiM(D K-f>^& LT\ 'JTlg^nit 1 x 1 0 16 c 

m- 3 ~l x 1 0 2 0 cm- 3 CQfSH[Ak 6 0 cm 2 ~ 8 0 0 cm 2 ©$£ 

15 Hf*K ittetrtsb* 1 xlO- 4 Qcm~lxlOQ c mOttfflP , 3t&S«t "5 tf&Ifll 

[ii onmmm 

mi 8 A-Ell 8B£ffl^t\ ill 0 HflfiJgiifcffiS G a Ni^HS^&tJ^ 
20 O^IJa§iB|t§ 0 

£f\ HI 1 8 At^ti 1 ©X*g-£ N ±fBf! 8 IIK«8^£ti£G a Nig 
!§BlSte6 6±tit^ *S/-\>;i/Jf 7 4 GaN|fe B a®^ v 

b 7 6£ffM-f 3o :nf#*:^;i/Jf 7 4©^fiJSt:^ ±I3#H»?J i: Is] 

«fcs HVPE&, ^m&m^twnmmmm, mocvd& #Mgi*£*jfln 

25 SifctffSSo 
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NTO^(7M >n> h 7 6S1t»GaNMISi7 8 Ct5o ztilz J; D , 
*il»FJ© G a N ^Sjg^«*g 7 8 « ^ n S o 

io [^limsJBSg] 

£1\ 019AC^til©l§^ GaAsSft2±C, f^5 0nm- 
ftl20 nm£DA'y7 7l7 9£flMT5o 
15 ftt, il9Bt:^ti2©X@^ vx^jf^ff^-y-rt, n^7rjg7 9 

±HGaNipf,^§it^Jp^t;H8 1 ^Bjcfi^-y-Ts S^ft 1 cmW±OG 
aNi^HtTM >ny f> 8 3Mt5o it^*i/t;H8 1 £fiS^£tt 
HVPES, W$£JIig{b4^tB$:S&u MOCVD&, 

aNfSI®^ >=fy h 8 3 G a N3M£||S$K 8 5Ct§ 0 
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±i3i§-f!»?j n <t 19 ns g a n jjMgnstgfciu n^-e^ntt^^t-r 5 

5 £#\ ^CD±HM0CVD&&£"T' 1 n G a NfSttl^^tf G a N^Ojf^x b' 

b"7>S/X* (MESFET) ^©t^fVHXWTSI^'T^o in 

GaNS*fi£MLTM£ftT^3£to, t7 7^7SI^ffll^fe^f/H 
10 ^^tJt«LT^*«^b<lRl±-rSo tfes GaNl^lfttil^tfex 
V#*i/*Jim<D (0 0 0 1 ) StfGaNmm® ( 0 0 0 1 ) SC^LT 

2 ^3^ff^Tt#^nfeGaN#^Sfe3 5 fcffl^fc&ft^-Y 
15 -H8 0^tHt*So ^©M^t-h*8 0l±, GaNfia B B SI3 5± 
GaN^y77il0 1fc, Si h"-7°nMGaNPfitJi 102^ JS£ 3 
0^>y^ h u-h(DTy K-ri n 0 . 45 Ga 0 . 55 N#Pl 10 3t MgF 
-7piAl 0 . 2 Ga 0 . 8 NPf^jfl 04 Mg C-7piGaN3^^ h 

20 7> K-7I nGaN#Pl 1 0 3 0i^Jtl: J; tJMfi^btSItAS 

ISft^f tf-KO&ftBfitfO. 5 c dt^^feOWtU 2. 5cdh5fS(3 
25 ft, frfrZ fifty j *-F(Dm&tLXs ^3^»tJ©GaN#^ B B B »3 

5 tips n-r . immmmmv g a n jousts § t s £ t #-e t 5 « 
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M2 lfct N i 3 G a N#|g B e H SS 3 5 fcffl^fc^gftl/- 
if 8 2*^tK^*5o 8 2{±, GaNiM£Ilg|R3 5±fc> Ga 

NM5»7 7illl^ n-GaNn>^hlll2^ n-In 0 . 05 Ga 0 . 
95 N^y KJfl 1 3 n-Al 0 . 08 Ga 0 . (2 N^y KJf 1 1 4^ n- 
5 GaN^ Kill 1 5t Si F-7In 0 . , s Ga 0 . 85 N (3 5t>^ho 
-A) / I n 0 . 02 Ga 0 . 08 N (7 0t>^hD-A) ^Jf £ J; £ M Q WJ1 1 
16t p-Al Qi2 Ga 0 . 9 N^^7'j/K1117^ p-GaN^F| 
1 18h> p-Al 0 . 08 Ga 0 . 92 N^7>3/h*l 191^ p-GaN3>*£ 
hill 2 Oh. ^®±T®*^m«i*hS^h3&o-r^So 
10 ic^U- if 8 2t*tt ^ttft^gg-eSofc^glE^^l 0 0B§fB£ 

^ ^§MftL/-f^t, ^3^M^H©GaN^IS B B B »«3 5C3Rg<5> 
ft1\ flfaCDHlt^ffiCD G a N l^ffl-T S It^l^o 

15 0ifN{±«B&-rS^ G a Nf ^ B B B St4 ti^I 

h7>y^^ (MESFET) fcg^bfco ;0iWh7>i;7^©^ 
Df^fcfSJ^ 5 0 0°C^-51iMl:::fc^-Cfc 4 3mS/mmtt^Ml3> 
(gm) #*#5*k ^^FJ^GaN-^^StMtts l?r/HX 

20 

mmmi 

ov^t, n i A~mi D^#{^bTiftRa-rs 0 

GaAsSft2!:lt G a A s (1 1 1 ) WitiPG alfc&^Tl^GaAs ( 1 
25 11) ASIMSfflbto A-^77|4, |l©x^4i/WH6^ & 
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(aoTMlfeo ZV>m, ffitriMftfc-* 8 1 !:J:oTGaAsiS2« 
Sift 5 0 0°C£#?M{£*#U hU^^**'Jr>A (TMG) ^M6xl0' 4 
5 atm, i^b7j<*£^\E6 x l 0~ 4 a t m, T >^xr S^EE 0 . 1 3 a t m 

0 Ot}->^X hP-Aicbfeo 

10 ®Mfi£#j9 7 (TCtzf^ffi&U F'J^^^'J^A (TMG) §M2xl 
0" 3 atm, i&it7km%ftE.2 x 1 0~ 3 a t nu 7>^-7^M0. 2at 
m-£^n^ti&jft^>^'7 9f*UiaiAL£o LTx 1^)1 5/zm/hr®filI 

*t:> HBt:^ti2ffllii? s il0x^^i/tM6±CSiO 2 a> 
15 ^^^18§MU;o * h^7®l OCftMlRjfc^lCDx 

¥#*i/*)\sM6<D [10-10] £[pJW\ ^X^J18<7)J¥ ££$^3 0 0 nm s 

xe^S/^l/Jfl 2 0 ZCDBs Ittit-^8 1tJ:otGa 

20 As£tR2®ffig£iKj9 7 0°C£|M&fi&&U h'J/^M'UC'A (TMG) S 
M2x 1 0- 3 atnu i£fb7jc*£#i± 2 x 1 O^atm, 7>t-7SM 
0. 2 5 a t m-ZZti^tlKfoJ-^ym 9^ta$Abfeo ^LT, $j20#m 
/hr©$;S3§JtT\tg2©xt:^ 1 20m£%m 1 0 0/zmtlfe, 

mi Dt^-r^4©xgT\ •>xA^x.^^>^gM^isgb s 

25 -7^x«^>^fGaAsSi2^1^-7i^ Fxyf>m3 tT\ 
GaAsSfe2§^};iSbfeo ^Itlfc GaAsSi2®|»if 
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mtmteMLX, GaNJjMgHS&l 3£5&dt£-B-fco 

*$mmiz ^ s^n^ g a N^ikmrnm^mtuTv «t ? & o£ Q 

tttt>*>, uCDGaN^HSiit SMfr* ( 0 0 0 1 ) ItftoT^Ds ^ 

5 feD 10 7 (cm" 2 ) g^ofeo dftlzj;^ f*0^7 7^7SS±tG 
aNxK^^S/-^;i/g$^ufe«^O^P}S?&S*s#(i®S[^feD 1 0 9 (cm 
" 2 ) -efeofeCKUt^T, ISS^BS**^BCfi«L-feii:*»^ofeo 

GaAs*|S2tii, GaAs (111) A«£f$fflbfco £fc, A"y7 7 
JB4, Sl©xt:*3rS^;UJf 6, RV$b2<Dx.V9*i' J r)l>m 1 2 B\ ^TH 

15 £1\ Ml AlZ7r,tmi<DT.mr\ ^>y77l4§HVPEil:J;otMt 
fee dCDP^ jfitrCirattb-* 6 l£cfcoTGaAsa*g20?fi££$j5 0 0°CH 
#Mft#U mtimZfrftS x 1 0- 3 a t m s 7>^^7eE0. lat 

8 0 0*>^* hn-AClL 

20 ;^)»7 7i41^ HVPEffitiotilOi^ + i/tMe^ 

S^^feo &in»ftfc--* 6 1 (aotGaAsSte20Sg^9 7 

0°Cfc:#M&&U »X*SM2xlO- 2 atm, 7>^=.7%frE.O . 
2 5 a tmTf^ftJpftSJfi*-* WE 7 9^i:iALfeo ^bT, fiJMj&gfc^J 8 
0//m/hriat, IlOxt^j/tM60f^^4/imtU; = 

25 ilB(l^2©IiT% il©itnytiH6ill7X7i8 



35 



- WO 99/23693 



PCT/JP98/04908 



(D [10-10] t|q!W\ -?X?m8<Dm$%m3 0 0 nm, T^jMiP£ 

01Ct^ti3OIgf, HVPESC.toT^2©x^^>t;i/ 
Jl 1 2£j&l£-l2-fco C<DPg, lt«fcoTGaAs*tE20M 
5 j&£^9 7 0 o C£#M{£8U i£ft7KH£#J±2. 5xl0- 2 atm, 
-7^E0. 2 5atmtf*n?nSJtE;f-V>^t7 9F«3K:#ALfeo 
fi£fij®g£#J 1 0 O/zm/hrCLt, i2©xt^Jryt;H 1 2 OJP 

io fimKt^Wf^co 

IllDt^-r^4©x|iT\ ")x/NSi^>^iti5iU 

GaAsSI2^[l|Slfe„ *LTg^ GaAsII2 0|SICI 
GaN3M£IIS*Ml 3^ffe, 

15 (3 «t D Kit £ nfc G a N Jg«SH&K©3gftttfci: WTCD «fc 9t*feoL 

"TftfrtK dOGaNi&jsSHSIEfcJu iH^' (0 0 0 1 ) HhfcoTfc'K * 
cDS B B B l4ttX»JT(:j;§XMi4. 5£\ ^ut, tetti&Stf^te®*^ 
feD 5 x 1 0 7 (cm- 2 ) znizX*), ftMOVy 7 -( 7>&fa± 

(3GaNib°^^v^^iiSff^UfctI^c7D^PfS^Jt^#fi®fi^fe D 1 0 9 

20 (cm" 2 ) "CftofeOCJt^T^ JgS^RB^dCffijSbfeifcj&J^ofeo 

<fc ^2HJte^SgO^flB^JfftSlllll0!l3K:oV^Ts g| 6 A~E 6 D S#fl8 

25 GaAsHS2t^ G a A s (1 1 1 ) ]g#A s BfcfcoT^SG a A s ( 1 

1 1) BSfM£f£fflb£:o g-fc, ;^y77i2 4Mi2©xh^^y^;H2 
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Sf> HI 6 At^tilCIit?, GaAsii21t7^^18«Uco 
* h?j7°m 1 0©S^^[^^GaAsStM2© [1 1-2] f3|qjW\ 
5 7^^I8©I^§^3 5 0 nm, ^©fliP 4 /im, =gipiQ£$<j2^ 

i6Bl:^ti2©i^ ^h7>f7*|gl0rtOGaAsSi2±l: 

»fc-* 8 1 i:J;otGaAsifii20iSi^5 0 CTCtfm^U MM 
10 >J t>h (TMG) £^tE 6 x 1 0~ 4 a t m, iMttH^E 6 x 1 0~ 4 

atm, 7>t-74^E0. 1 a t m-C^ft^ftSJtSf--*- >M 7 9 f*Jf::#A b 
fee ^IT, ^^7 712 4fflf $SiR7 0 0t>^ hD-Atlfc. 

15 KcJ;oTGaAsa«2c7)?aS*^j8 2 0°Ct#mf#bs h U **-;i/#U S 
A (TMG) IM3x 1 0- 3 atm, Jgfc7k3fc£#E 3 x 1 0- 3 atm, 7> 
>^-74M0. 2 atm-e^f»ft>A*7 9rti:|Alf: 0 ^bTs 
I&&M&%m3 0/im/hriat, xW+ytiH2 6©JP££ifol 0 0^ 

20 0 6DCfNti4©ig-e, >>x/N|x^>^ii:iiu 

-T^x ^ ^ > y« G a A s SIS 2 £^ lfif^i y b x y =f- > d ^ T\ 
GaAsII2^C|^bfc 0 *LTg&Ks G a A s g£ 2 iti 
BgM£ffiUT, GaNK H B H Si2 7^^tfe 0 

25 xlO 7 (cm- 2 ) gg-crfeofeo -f&fo^ *%Wm- £ G a N 

#*£HSJfc«u f«J 1 * «k ?m»<J 2 © G a N #f£H« «fc 0 
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gfr-otzbCXD, 1 7 7 ^ 7Sfe± t G a Nx y t M §M U 

mm i & «t TF$mm 2 & d % s^igaa^ & ^ fc tos 3 * h ^ ^ ^ ^ - ^ # 

5 

GaAsSS2i:it GaAs (111) Aife^lLfeo Sfe, n^7 7 
10 jf4, llfflxf^yt;H6, &tFi!2 0xt:^^>WWi 3 4 fct* ^TEl 

CctoTMlfc 0 CCDPg, &JnMfcfc-* 8 1 t:±oTGaAsaiI2©fig 
£*<J5 0 0°C 13 #Mftl#U h IM^UtfU <7A (TMG) §M6 x 1 0" 4 
15 atm, ^fb7jc^SM6xl 0" 4 atm, 7>^x7^M0. latmtr 
^tl^tlKSt^^>^7 9rttlALf;o ^L-Ts a" >y 7 ?f 4 ©jf £ 7 0 

^iH6SII^L »it-^8 1(aoTGaAsS1K2 

20 ©?a££#J9 7 0°C(3#^{£f#U h'J/fM'JvA (TMG) §M2xl 
O^atm, Jfrfb*3jl£#JBE2x 1 0- 3 atnu 7>^x7^E0. 2at 
mT^ft^ti£US^>n7 9 ftlzmXLfzo ZLZ, m 1 5 jum/h r (Dj&M 

m i <d x tr # * ^> * ; wg 6 (Dm $ *® 2 n m t l & 0 

HI 8 B (3 7nf"f§ 2 <£)lf^7:\ ^lCDxt^^-wi/Jf 6±£S i0 2 fr 
25 ^^77^12 8§Mbfco I1P&3 O£lS2©:S£#2#m0IE 

M^U <1 0-1 0>SP3 20hTy^L*6A£m N b >y^ d £ 5 /imt b 
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fzo £tz. m\)G5< 1 0- 1 0>,«P3 2f3}±£, < 1 0 - 1 0 >%mz3u 

5 As»K2 0MJSSJRl 0 0 0°Ct#affi^U h'J^^^'^A (TMG) 
M4x 1 0- 3 atm, m<b**S^£E4x 1 0- 3 atm, 7>^-y%fr 
J±0. 2 a t mf f 7 9 l^t:| Alfeo ?Lt, 

$^2 5/zm/hriats |2(Dit^«>tJHl 2©JS££^ 10 0/zmt 

10 g|8Dt^ti40Ig^ ^^fciy^-^miZHggU 

GaAsSIS2 *® 1 OiSfF|x-^>nsctt\ GaAsSfe2^Ci 
icbfco LTlICs GaAsM2©|^*®tSf«a^JSbT. GaN# 

15 -ffcto-fc, fcR|®£fciu 1^3 x l 0 7 (cm- 2 ) SSTfeDs «J:D^^b< 

IiSf l^SI bfc G a N#HSIi1R©i^SH:iKl 6 5mm^ofe^ * 
ii(^GaN«I«fflfi**gM7 7 0mmT\ GaNfg 0 B B SS©S 
DWt)iI$t53«^feo ^fes «0. 0 5 GPaTf&^fcflg&Jft 
20 £ *k *fWJ© G a N3MgilS&T*fciJ& 0 . 0 0 5 G P a tm 1 / 1 0 

UUfeo^ GaN^ H B B aiM©(^»^(i,±M©X h---©^(K(2)) 

^'miS2 x 1 0 18 cm" 3 , *tU7gllgl 8 0 cm 2 /V • StfeoL 

25 ^as^u 5 

^5^JteBSS0HJ6««7?*Slllte^l5{3O^Tx Ell 3 A~mi 3E£ 
39 
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GaAsii2(:(l G a A s (111) ASIMbfcc £tzs rty7r 
jf2 4 N |l©xh'^^ytJH4 4, Mi2fflxh^^yt;H4 611 :£ 

5 1^ EI 1 3 At^tflCIg^ GaAsS1S2±{:-7^^I3 8SM 

bfeo d©P^ fMU^A 0£Sf£#2/zm®ra^U <1 l-2>SS©Ky 
^L£6//m, t^d§5. 5//m^bfco g-fc, KD^?<1 1 - 2 >« 
fe]±Ss < 1 1 -2>^[6]t e>bfc 0 

013BC^ti2Olit\ HP/&4 0l*]©GaAsStM2±£^y 

10 7712 4^HVPE^(3 t fcoT?fMbfeo d©P^ ffiirtAn^ t - * 6 1 £ «fc o 
T G a A s 2 ©MS&ij^ 5 0 0 'CIz^UUFt U h'J^f;WJ^A (TM 
G) §M6x 1 0 H atm, Mt7.k*&#J± 6 x 1 0 H atm, r>^^T 
§M0. 1 a t mt^n^nMjSf t >a*5 9rtCIAlfc 0 LT S A*y7 
7jf2 4®JP££|<J7 0 0 2t->^'X h D-Aiz L7co 

15 mz, m 1 3 C^7fx-r^3©X|IT\ ^7 7l2 4±l:, HVPEStio 

til©xt^^>t;H4 4§i^tfeo £0P&, »it-^ 6 1 £«fc 
oTGaAsg|E2©MJ££Jfa9 7 0°C£#^£8U tf-frtiVbk (T 
MG) ^M5x 1 0- 3 atm, igfbzk*£^E5 x 1 O^atnu ^>^xi 
T%frj±0. 2 5 a t mT'^ti^tiS^^-^>^*5 9rt(l#Abfco ^ITs file 

20 H3I^£^2 5//m/hriat> tf§ 1 ©xh^^yt;H4 4 ©if ££$J5 0 

zkT^l 0(^P H ^^5 L >^'bT, GaAsii2^it:|ibL Iffli^i: 

25 ia 1 3 Eiz^tm5<DT.mx\ mi<Dx.¥$*i/*)im4: 4±t, h 

VPEiaoT, fiScfir^Jt 1 0 0°C(3T^b7K^©^E2 x 1 0~ 2 a t m, T 7 
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>^-7©^E0. 2atmT*> %} 1 0 0 jum/h r CDJ&gjtjg'r G aN)!pf)ft 
§fg2cD:nt:^>^;WI4 6£J?££<]1 3 0/zmj&S£H*fco £ft£<fc!K J¥ 

5 #(MT©«$jW2 x 1 0 7 /cm 2 $mtWL<im£tlT&t), 9 ^ v 
£&T~%, ft&fotibO. 0 0 2GPaWi:/Ml^J:»oL 

*mMM-e&, GaAsSft2aTGaAs (111) A»|g£&fflLfco 

15 £f\ El 1 6 A(3/TN-T^l©Xg^ GaAsStE2±(CT^^^8*^figb 

fee ZO)M, Xh7^7*l 0©S^7j[6]£GaAs«2© [1 1-2] 
W\ v*£Ji8 0jp££#j3 0 Onnu ^gpotiP 5 ®|gQ£$ 

El 1 6 B(C^T^2 0X|gT, GaAsSIS2CDSJg^5 0 0°CCb 
20 £>RFJT\ ^F7>f7Sil0rt©GaAsSft2±tM'>77l24SHVPE 

Cbf:. 

ifcfcx EI 1 6 Ct^fS3c7)X|iT\ GaAsSI2©SS^9 5 0°C!a 
n.)/77'Ji2 4±tHVPE^t«toTxK^^$/^;uJi2 6SW2 
25 0 0 Amfijcm^^feo 

II 6D {C^-f^ 4 0lgt\ GaAsS!2 ££2fa?x y ? > 
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mi 6Et^ti5©iit*ii as^>^5 9?wum* 1 0 2 0°ClZL 

fc^pJT's x^^>t;H26±t:HVPEffi(: ! totx^^^t;i/i6 2 
5 (i, ±ffl0**S#'J>L^£^-(?, l*?)±fflWlt©l^ftg]2ciii, 

i^t, h 1 6 F£jF-r£6©.TjgTs pS))i*©^^-r-y--(cj:oT-r >=f>y 

h 6 ft&ffi5 Omm, JI£^3 5 0 #m©GaNJfi*SI|g*fc6 6£ 

ffe-n&w m&sw^^Ttt, 2otsc©afitf^e> 

£8'J£bfc*£JI^ +t'J7lglinI2xl0 18 cm- 3 t:\ S^Slfittx 
200cm 2 /Vs, ifcffij/bau 0.017 Qcm o feo 
20 $ >f > y h 6 4 ©gTJggP^ ^I^JafeGaN Jg$gH*$5 6 6 Oi^ 

&&mM\stzmm. **v7mm&nm sxio'w 3 t\ m^t&jtt^ 15 

0cm 2 /Vs, tmm±, 0.0 0 6 Qcmtifcofe, 

d t * n n p K^IIT § , ±A®& * t Z ^ ffi £ # < d i: # T* # § o 
25 ^ s C16DGaN^S*lR6 6£ffl^T I nGaN^MIttSLED^ft 
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S«fu b T i ^£ © t M U £H»J t * v ^ T a fg it M ft £ Siifefi 
5 ^WJ 7 

m 8 fOfl^<mt©fI«iJ^& £H»J 7 i:o^T, El 1 6 A~m 1 6 
«M^JT*li> GaAslft2J:UtGaAs (111) ASSS^fflbfe. 

g;1\ Ml 6 A(3^-rSl©X@T% GaAsSIS2±ra^I8Mb 
fee * h^jrmi 0©I^^^GaAsSIS2® [1 1-2] 

It, T^jf8©jp££$J5 0 0 nm N ^T^g^l P 5 ^m, j&(gQ£#J 
15 3/zm^bfec 

El 1 6 BiZ7ntm2(DJLnr, GaAsS^2cD?UJt£^4 9 0°C(C b 
fctfH^ ^h7^7"*10^l©GaAsSft21tM'^77l2 4^HVPE 
SiaotMbfeo ft, My 7/-jf2 4 0jp£tt, |^8 0 0t>nFn-A 
Cbfc. 

20 Ell 6 Cfc^-f!g3£>I|§-£\ GaAsS4K2©^)t£^9 7 0°Cicb 

;bJ12 6 %®2 5 jumf%&m*fzo 

bfeo 

25 1211 6Et^ti5©lifll aS3^>A7 9 F*]©Sjt£ 1 0 0 OVlz b 
xt^^>tM2 6±CHVPE^{:J;^tx^^'>t;H6 2 
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££££J?tt(tU G a N^lC-f h 6 4 SMl/fco -f >=f^ h 6 4 
±®©**W^L^£lf^T\ J&fr£>±®#*^£T©i«£TO3 cm, 

5 h 6 ^«J2 0~&j3 Omnu J? £$4 0 O/zmCGaNfL^ 

io ?# ^n&v^ ^mMmiz&i^ra, lm^mmmizx^ 2b^mmktmh 

ft N <i >=fy h 6 4 0*IS9$;fr£f§6ftfcGaNi|M§fi&|R6 6©Sm4$t4£ 
15 Sfl^Lfe^ ^r^'JTiig{±nS2xl0 18 cm- 3 T\ m?&mm±, 2 5 
OcmVVsatm 0. 0 15ficmt"feofeo 

jgj 8 

ftt^ ^9«m^^»JTS)^^»J8^-o^T, 01 7 A~EI1 7 C£ 
20 #Ibt^tS„ 

GaAsSfe2hlTGaAs (111) Ag&£Mbfco 
a" ^ 7 7l 2 4 ^ J:t>"x ^r^> t iH 6 8 ti, £ % izm 2 izfntl&mm 

£f\ 1211 7 Atij^tilCXg^ GaAsii2±t77^i8^Mb 
25 fee 0CD^f^iSlSGaAsSte2cD [1 1-2] t(pj 

W\ "^^ji8©Jf ££^J2 5 0 nm, ?X ^»fiP £f<j 5 jum, WMQ^m 
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Its T^^18$MLfc^ GaAsM2©?US£^5 
0 O'CHLfcl*®-^ ^h7^7"il 0rtOGaAsM2±l:^y77l2 4 
SHVPESiaotMUco ^ /N"^7Tjf2 4 0j?£fck ^9 0 0:t>^ 
X h D— AH Lfeo 

5 |l7BC^1-i2tDIg^ GaAsSft2©Sg^l 0 0 0°CC 

4±i:HVPESt:«toTxt^^i/tM6 8 

©^^a^L^^ttT-, JS^^±®*^ST-0iS^M 1 . 6cmT-fe 

10 $^T> El 1 7 Ct^1-^3(7)X|M-?i\ ftMlit^^^-HioT'f >=fy 
h 7 OWU i*^^3 0 0 ^m©GaN||giSfi7 2£ 1 2#tf#fc 0 ZlO 

ftts G a N i^HSIM 7 2 t tt, 7-yf> ^ftf lg * «fc ± \mm £S£ U „ 

±^©^»ij i ~»#<j 5 t? j± N 1 ekdseomjijz «t t) i #©iiMgga«u2p 

tire mm^zbiz. mmrnKDme o%izim$titco z.<dio\^ * 
njfi0yett, Afi^n^ hiijM»tis i tt&feDossmHSMtt-r 

20 «9^bfe#g^ U 7iSlini 1 x 1 0 1 9 cm' 3 T\ S^&Mjj&Hu 1 0 0 
cm 2 /Vs, Jt&irCtt, 0 . 0 0 5 QcmT&ofco 

^SffJ9 

111 0^M^j©H»JT^S^»J9^oV^Ts Ell 8A-HI1 8B 
25 S#^UT^H^-r5o 

£ts Ml 8 A£*f8§l©Xg-e x Hffi0'J6TMit^tl/rGaNW B E iaiS 
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bfeo iW^ + ;H7 4li, HVPE&tJ;^ GaAsSte2© 

5 @&,#J5 5mmT$>ofeo 

ftt, El 1 8 B(;^T^2©x|iT(±. «©X7^^h:J;oT03^ 
h 7 6£tfJ»rU ^5 0mm, J5£^6 0 0 jum(D G a NiJMgH.SfM 7 8 £ 
1 5TOfe Q 

10 *^»Jt43V^T(i, 10©iMICJ;D 1 5WW?,tifeo 

\z N i tz (3 © mbb# & mm t z t ®? § tz o 

^ >f >rfv h 7 6cD^P^g|5^^f#^ixfeGaN#^ H B B «7 8 0Sttt§f&* 
15 $J£bfc*£!!, Jpt'J7lglinil X 1 0 17 cm" 3 T\ S^ffifSHu 6 50 
cm 2 /Vs, ifcffitafck 0. 0 8Qcm^ofe 0 

Hi 1 0 

m 1 0H»PJ®ftll©^»JT-$)§^»J 1 0 COVM^ H 1 8 A~EI 
20 1 8BS#IUW5, 

3cf\ 018At^l©li^ ^»J7T , S^^tLfeGaN#^ H E iM 
±l:xt^^yt;H7 4^I^tt, GaN|^ B ©>f >3y h 7 6 fcjgfig 

ifl&dj; GaAsS&20MJg£#Jl 2 0 OViZLtz^M^m^^tzo ft, 
25 Si^§#i(*It^b^/rr>^-r(± N 2 0 s c cm-efcofco •f>d r y 
h7 6(i, ||»J6~flM0iJ9c7M>3> hi:Jt^5£:Wt** Efr£±®£T* 
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(DM£\±mO. 9cm^ ^TO35mmt'S)ofco 

h7 6£WU ft&$3 5 mm, if 5 0 0 /zm©G a Nifi^Ste 7 8 £ 
5 H»J 1 ~f»J 5 (i, 1 mciSJjgMJIH «t D 1 tt©$g H H B Si U /W# £ n 

10 ft, f yuy V 7 6©tP B ^/b^l#^tlfeGaNi?i^H E i*te7 8 0>*mft&£ 

mfcLtz^m, ^'J7gg(inllxl0 18 cm- 3 T% S^&f&ftfcJu 200 
cm 2 /Vs, tti&mZ, 0. 0 3Qcmfft^fe o 

^ffif^J 1 1 

15 mi imMBmonnmr&zmmmi nco^-c, mi 9A~iai 9 

£1\ Ell 9At^tilOXgf, HVPESi:<tot, ®5 0 0°Ct*n 
£GaAsS{M2±(c:, J?£jfft9 0nm©GaNfrf,ft5^77l79SM 
bfeo ft, GaAsIStU, G a A s (111) BSfS£{£fflb£ 0 
20 il9BCM2Clg"e, HVPEffit«toT, A"-y77f7 9± 

tiGaN*?,)5:5xW^i/tJH8 1£^£#T, GaNraoO^-y 
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